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RADIATION TEMPERATURE MEASUREMENTS OF THE
*
NITROGEN AFTERGLOW PLASMA

J. H. Noon and E. H. Holt
Rensselser Polytechnic Institute, Troy, New York

- 2 4071

Measurements at microwave frequencies of the radiation temperature of a
nitrogen afterglow plasma show that at early post-discharge times a secondary
source of electron heating exists, and that microwave conductivity values
calculated on the basis of a Maxwellian form for the electron velocity distri-
bution function are anomalous. The evidence points to non-Maxwellian electron
velocity distributions in the early afterglow.

INTRODUCTION

We have carried out measurements on a pulsed discharge in nitrogen,
using microwave techniques, which indicate that an equilibrium state is not
achieved early in the afterglow, that a secondary source of electron heating
exists, and that estimates of electron temperature from radiometer readings,
based on an assumed Maxwellian electron velocity distribution, are gquestionable.

EXPERTMENTAL DETATILS

An X-band hollow-cathode waveguide cell,l gated microwave radiometer2
and sensitive microwave bridge3 were used to measure the microwave conductivity
and the radiation temperature as a function of time in a nitrogen afterglow
plasma. The active discharge was initiated by a voltage pulse variable from
3 to 30 microseconds in dQuration and repeated at 100 c/s rate, and energy
input varied from 10~% to 107 joules. Figure 1 shows measured radiation
temperature versus time in the afterglow for different gas pressures and
different discharge conditions. In the first few microseconds of the post-
discharge period radiation temperature drops rapidly as expected from electron
collisions with the neutral molecules. However the radiation temperature
rises again with time, reaching a maximum and then falling off slowly.

*
Preprint of an article accepted for publication in the Physical Review.
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ELECTRON COLLISION PROBABILITY

Calculations by other workersh"5 of the probability for momentum transfer

Pc of low energy electrons (4< leV) in nitrogen as a function of energy,

based on microwave conductivity measurements, have not included direct measure-
ment of the ﬁlectron temperature in the plasma. Results obtained by waveguide
transmission” and resonant cavity techniques5 differ by a factor of five at

low energies. Although the measurements were carried out at different times

in the afterglow, both sets of calculations included the assumption of a
Maxwellian distribution of electron velocities whether or not the mean electron
energy is greater than that of the neutrals.

Our data indicate that calculation of P_  based on the assumption that
only 50 microseconds are required for the elegtronﬁ in the nitrogen afterglow
plasma to reach the temperature of the neutral gas* is questionable. This point
was raised by Formato and Gilerdini® who observed a slow relaxation of electron
temperature in nitrogen but did not carry out measurements at times close to

the termination of the active discharge.
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We have calculated Pc as a function of energy by equating the measured

radiation temperature to the electron temperature and have obtained the values
of Pc shown in Figure 2. Although the results are generally close to those
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Figure 2. Electron collision probability for momentym transfer (Pc)
versus electron velocity. AG Anderson and Goldstein, PF’g Phelps,
Fundingsland and Brown,:! EPR Engelhardt, Phelps and Risk.
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derived from transport coefficients7 and resonant cavity mseasurements5 they
show a wide scatter. Furthermore investigation of the behavior of the con-
ductivity ratio q-r/ a> (Figure 3), reveals that it is a multi-valued function

of the radiation temperature instead of decreasing monotonically. A calcula-
tion shows that electron-ion collisions cannot explain the effect at these
temperatures (approximately 2000%K). The most likely explanation is that the
radiation temperature cannot be equated to the electron temperature and that
the form of the electron velocity distribution is not Maxwellian in the early
post-discharge period, as assumed in the calculations.

DISCUSSION OF RADIATION TEMPERATURE RESUIIS

The fact that the epnergy input into the active discharge determines the
amount of electron heating in the afterglow is showg clearly in Figure 1.
This may help to explain why Formato and Gilardini,  using 10 microsecond
pulse-widths and currents of order 1 amp. observed a slow decay in the radia-
tion temperature (which they called the “"electron temperature") whilst Mentzoni
and Row,© using what they refer to as a mildly driven discharge found much
more rapid electron relaxation times in agreement with a calculation based
on both the elastic electron-molecule collisions and inelastic electron
eXcitation of low-lying rotational levels of the molecule.
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Figure 3. Ratio of real and imaginary parts of the microwave conductivity
(a}]’a}) plotted as a function of radiation temperature for post-discharge

times ranging from 30 to 65 microseconds. This should fall off monotonically
but does not do so, indicating that the calculations based on an assumed
Maxwellian distribution are incorrect.

A significant feature of Figure 1 is the rise in radiation temperature
which occurs some microseconds after the initial fall following termination
of the active discharge. It is not necessary to postulate a delayed secondary
source of electron heating in the afterglow of the pulsed nitrogen discharge
since departures from a Maxwellian electron velocity distribution could well
be the explanation. However the mechanism of energy interchange between
electrons and other plasmas constituents is not clear.

Electron-ion recombination, although removing low energy electrons
preferentially and thus increasing the average electron energy, could not
explain the observed effect. Three possible sources of energetic electrons
with nitrogen afterglow have been suggested: (1) energy from molecular
dissociation being fed back to the electrons as neutral atoms recombine 9
(2) vibrationally excited molecular states coupling with electrons,lo:li (3)
energy given to electrons from collisions involving metastable states.6,12
Further experiments are in progress which are intended (a) to gain direct
information about the actual form of the electron velocity distribution function




in the afterglow, using a microwave technique ,13 and (b) to study the effect
of a small proportion of a foreign gas, such as COE’ on the radiation temper-

ature of the nitrogen plasma and thus establish which of the suggested
mechanisms is the source of energetic electrons in the nitrogen afterglow.
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